to distinguish different morphs of this genus, and Rossman et al. (2015) proposed that the genus name Diaporthe should be retained over Phomopsis because it was introduced first, represents the majority of species, and therefore has priority.
Diaporthe was historically considered as monophyletic based on its typical sexual morph and Phomopsis asexual morph (Gomes et al. 2013 ). However, Gao et al. (2017) recently revealed its paraphyletic nature, showing that Mazzantia (Wehmeyer 1926) , Ophiodiaporthe (Fu et al. 2013) , Pustulomyces (Dai et al. 2014) , Phaeocytostroma and Stenocarpella (Lamprecht et al. 2011) , are embedded in Diaporthe s.lat. Furthermore, Senanayake et al. (2017) recently showed additional genera included in Diaporthe s.lat., such as Paradiaporthe and Chiangraiomyces.
The initial species concept of Diaporthe based on the assumption of host-specificity (Uecker 1988) , resulted in the introduction of almost 2 000 species names available for both Diaporthe and Phomopsis (www.MycoBank.org). Most Diaporthe species can be found on diverse hosts, and can co-occur on the same host or lesion in different life modes (Rehner & Uecker 1994 , Mostert et al. 2001a , Guarnaccia et al. 2016 , Guarnaccia & Crous 2017 . Thus, identification and description of species based on host association is not reliable within Diaporthe (Gomes et al. 2013 , Udayanga et al. 2014a .
Before the molecular era, morphological characters such as size and shape of ascomata (Udayanga et al. 2011 ) and conidiomata (Rehner & Uecker 1994) , were the basis on which to study the taxonomy of Diaporthe (Van der Aa et al. 1990 ). Recent studies demonstrated how these characters are not always informative for species level identification due to their variability under changing environmental conditions (Gomes et al. 2013) .
Following the adoption of DNA sequence-based methods, the polyphasic protocols for studying the genus Diaporthe changed the taxonomy and species concepts in this genus, resulting in a rapid increase in the description of novelties. Therefore, genealogical concordance methods based on multi-gene DNA sequence data provide a much clearer approach to resolving the taxonomy for Diaporthe. Several major recent studies revealed ± 170 species supported by molecular data (Gomes et al. 2013 , Lombard et al. 2014 , Udayanga et al. 2014a , b, 2015 , Gao et al. 2017 , Dissanayake et al. 2017 . Diaporthe taxonomy is actively changing, with numerous species being described each year mostly based on molecular phylogenetic approaches and morphological characterisation (Gao et al. 2017 , Guarnaccia & Crous 2017 .
Recent plant pathology studies confirmed Diaporthe species to be associated with several diseases on a broad range of economically significant agricultural crops such as Camellia, Citrus, Glycine, Helianthus, Persea, Vaccinium, Vitis, vegeta- bles, fruit crops and forest plants (Van Rensburg et al. 2006 , Santos & Phillips 2009 , Crous et al. 2011a , b, 2016 , Santos et al. 2011 , Thompson et al. 2011 , Grasso et al. 2012 , Huang et al. 2013 , Lombard et al. 2014 , Gao et al. 2015 , Udayanga et al. 2015 , Guarnaccia et al. 2016 , Guarnaccia & Crous 2017 .
Diaporthe species are commonly found associated with V. vinifera and have been reported to be associated with several major diseases of grapevines. Important studies described Diaporthe species associated with grapevines using morphology, pathogenicity and molecular data (Merrin et al. 1995 , Kuo & Leu 1998 , Phillips 1999 , Scheper et al. 2000 , Mostert et al. 2001a , Van Niekerk et al. 2005 , Dissanayake et al. 2015 , Cinelli et al. 2016 . One of the most significant studies (Van Niekerk et al. 2005) (as D. viticola) . Moreover, they distinguished eight undescribed distinct species (as Phomopsis spp. 1-8) from grapevines. Schilder et al. (2005) confirmed D. ampelina (as P. viticola) to be a widespread pathogen in the Great Lakes Region of North America on the basis of DNA sequences from tef1 and cal gene regions. Diaporthe ampelina was also the most prevalent species isolated from grapevine cankers in California, where the occurrence of D. ambigua, D. eres and D. foeniculina (as D. neotheicola) was also reported in vineyards (Úrbez-Torres et al. 2013) . Similarly, Baumgartner et al. (2013) identified D. ampelina and D. eres (as P. fukushii) in eastern North America. In Europe, D. eres was reported by Kaliterna et al. (2012) in Croatia and by Cinelli et al. (2016) in Italy. Four species of Diaporthe were identified after surveys in China, which included D. eres, D. hongkongensis, D. phaseolorum and D. sojae, and their pathogenicity was confirmed through artificial inoculation on detached grapevine twigs (Dissanayake et al. 2015) .
Phomopsis cane and leaf spot is a major disease of grapevines, causing serious losses due to shoots breaking off at the base, stunting, dieback, loss of vigour, reduced bunch set and fruit rot (Pine 1958 , 1959 , Pscheidt & Pearson 1989 , Pearson & Goheen 1994 , Wilcox et al. 2015 . Canes show brown to black necrotic irregular-shaped lesions, and clusters show rachis necrosis and brown, shrivelled berries close to harvest (Pearson & Goheen 1994) . Diaporthe ampelina is historically the most common species known to cause this disease, which, together with D. amygdali, have been confirmed as severe pathogen of grapevines (Mostert et al. 2001a , Van Niekerk et al. 2005 . Phomopsis cane and leaf spot is more severe in humid temperate climate regions, occurring throughout the growing season (Erincik et al. 2001) . Recently, Úrbez-Torres et al. (2013) provided strong evidence for the role of P. viticola as a canker-causing organism, and suggested its addition to the fungi involved in the grapevine trunk diseases complex. Moreover, D. ampelina is the causal agent of grapevine swelling arm, induced also by D. kyushuensis (as P. vitimegaspora) (Kajitani & Kanematsu 2000 , Van Niekerk et al. 2005 ). Cane bleaching is another grapevine symptom caused by D. perjuncta and D. ampelina (Kuo & Leu 1998 , Kajitani & Kanematsu 2000 , Mostert et al. 2001a , Rawnsley et al. 2004 , Van Niekerk et al. 2005 . Diaporthe eres was found as a weak to moderate pathogen causing wood-canker of vine (Kaliterna et al. 2012 , Baumgartner et al. 2013 ).
Several diseases are often reported as caused by more than one Diaporthe species, or frequently, one Diaporthe species may cause various plant diseases (Santos & Phillips 2009 , Diogo et al. 2010 , Santos et al. 2011 , Thompson et al. 2011 . For example, D. caulivora, D. longicolla, D. novem and D. phaseolorum cause disease on soybean in Croatia (Santos et al. 2011) . Sunflower stem blight is caused by D. gulyae, D. helianthi, D. kochmanii and D. kongii (Says-Lesage et al. 2002, Thompson et al. 2011) . Devastating cankers caused by D. limonicola and D. melitensis were reported on lemon trees (Guarnaccia & Crous 2017) . Moreover, D. novem has been reported as pathogen on Aspalathus linearis, Citrus spp., Glycine max, Helianthus annuus and Hydrangea macrophylla (Santos et al. 2011) . Similarly, multiple Diaporthe species have been found associated with Phomopsis cane and leaf spot disease as well as cankers and swelling arm of grapevine (Phillips 1999 , Kajitani & Kanematsu 2000 , Mostert et al. 2001a , Rawnsley et al. 2004 , Van Niekerk et al. 2005 .
Only a few studies have dealt with the distribution of Diaporthe spp. on grapevine in Europe and other countries from the Mediterranean basin. Considering also the recent findings of Diaporthe species in different major grape production areas, and the changes in the species concepts, new surveys are required to study the occurrence and diversity of Diaporthe species related to grapevines and their association with diseases. Therefore, several surveys were performed in European countries and Israel to collect grapevine specimens for Diaporthe isolations. This study was conducted in order to fully characterise these strains using morphological characters and multi-locus phylogenetic inference based on modern taxonomic concepts.
In particular, the objectives of the present study were: i. to conduct extensive surveys for sampling V. vinifera; ii. to cultivate Diaporthe isolates; iii. to subject those isolates to DNA sequence analyses combined with morphological characterisation; iv. to compare the obtained results with the data from other phylogenetic studies on the genus; and v. to evaluate the pathogenicity of the Diaporthe strains.
MATERIALS AND METHODS

Sampling and isolation
Pure cultures of Diaporthe were collected in seven European countries (Croatia, Czech Republic, France, Hungary, Italy, Spain and the UK) and Israel from asymptomatic and symptomatic Vitis vinifera plants, in both nursery and vineyard environments. Several samples showed multiple symptoms such as cane and leaf spot, cane bleaching, and additionally vascular browning and sectorial necrosis in grapevine wood. Isolations were performed from different plant organs such as canes, cordons and trunks. Isolates used in this study are maintained in the culture collection of the Westerdijk Fungal Biodiversity Institute (CBS), Utrecht, The Netherlands, and in the working collection of Pedro Crous (CPC), housed at the Westerdijk Institute (Table 1) .
DNA extraction, PCR amplification and sequencing
Genomic DNA was extracted using a Wizard® Genomic DNA Purification Kit (Promega Corporation, WI, USA) following manufacturer's instructions. Partial regions of five loci were amplified. The primers ITS5 and ITS4 (White et al. 1990 ) were used to amplify the internal transcribed spacer region (ITS) of the nuclear ribosomal RNA operon, including the 3' end of the 18S nrRNA, the first internal transcribed spacer region, the 5.8S nrRNA gene; the second internal transcribed spacer region and the 5' end of the 28S nrRNA gene. The primers EF1-728F and EF1-986R (Carbone & Kohn 1999) were used to amplify part of the translation elongation factor 1-α gene (tef1). The primers CAL-228F and CAL-737R (Carbone & Kohn 1999) or CL1/CL2A (O'Donnell et al. 2000) were used to amplify part of the calmodulin (cal ) gene. The partial histone H3 (his3) region was amplified using the CYLH3F and H3-1b primer set (Glass & Donaldson 1995 , Crous et al. 2004a ) and the beta-tubulin (tub2) region was amplified using the Bt2a and Bt2b primer set (Glass & Donaldson 1995) or Tub2FD (Aveskamp et al. 2009 ) and T22 (O'Donnell & Cigelnik 1997) . The PCR products were sequenced in both directions using the BigDye® Terminator v. 3.1 Cycle Sequencing Kit (Applied Biosystems Life Technologies, Carlsbad, CA, USA), after which amplicons were purified through Sephadex G-50 Fine columns (GE Healthcare, Freiburg, Germany) in MultiScreen HV plates (Millipore, Billerica, MA). Purified sequence reactions were analyzed on an Applied Biosystems 3730xl DNA Analyser (Life Technologies, Carlsbad, CA, USA). The DNA sequences generated were analysed and consensus sequences were computed using the program SeqMan Pro (DNASTAR, Madison, WI, USA).
Phylogenetic analyses
Novel sequences generated in this study were blasted against the NCBIs GenBank nucleotide database to determine the closest relatives for a taxonomic framework of the studied isolates. Alignments of different gene regions, including sequences obtained from this study and sequences downloaded from GenBank, were initially performed by using the MAFFT v. 7 online server (http://mafft.cbrc.jp/alignment/server/index.html) (Katoh & Standley 2013) , and then manually adjusted in MEGA v. 7 (Kumar et al. 2016 ).
To establish the identity of the isolates at species level, phylogenetic analyses were conducted first individually for each locus (data not shown) and then as combined analyses of five loci. Two separate analyses were conducted for the D. eres species complex and the remainder of the Diaporthe spp. included in this study, as similarly performed in a recent study about Colletotrichum taxonomy Swofford 2003) . Phylogenetic relationships were estimated by heuristic searches with 100 random addition sequences. Tree bisection-reconnection was used, with the branch swapping option set on 'best trees' only with all characters weighted equally and alignment gaps treated as fifth state. Tree length (TL), consistency index (CI), retention index (RI) and rescaled consistence index (RC) were calculated for parsimony and the bootstrap analyses (Hillis & Bull 1993) were based on 1 000 replications. Sequences generated in this study are deposited in GenBank (Table 1 ) and alignments and phylogenetic trees in TreeBASE (www.treebase.org).
Taxonomy
Agar plugs (6-mm-diam) were taken from the edge of actively growing cultures on MEA and transferred onto the centre of 9-cm-diam Petri dishes containing 2 % tap water agar supplemented with sterile pine needles (PNA; Smith et al. 1996) , potato dextrose agar (PDA), oatmeal agar (OA) and malt extract agar (MEA) (Crous et al. 2009) , and incubated at 21-22 °C under a 12 h near-ultraviolet light /12 h dark cycle to induce sporulation as described in recent studies (Gomes et al. 2013 , Lombard et al. 2014 . Colony characters and pigment production on MEA, OA and PDA were noted after 15 d. Colony colours were rated according to Rayner (1970) . Cultures were examined periodically for the development of ascomata and conidiomata. Colony diameters were measured after 7 and 10 d. The morphological characteristics were examined by mounting fungal structures in clear lactic acid and 30 measurements at ×1 000 magnification were determined for each isolate using a Zeiss Axioscope 2 microscope with interference contrast (DIC) optics. Descriptions, nomenclature and illustrations of taxonomic novelties were deposited in MycoBank (www.MycoBank.org; Crous et al. 2004b ).
Pathogenicity
Pathogenicity testing was conducted using a proven inoculation method for (Table 1) . Green canes were collected in July 2017 and were brought to the laboratory. All the leaves, lateral branches, and tendrils were removed. Canes were inoculated the same day they were sampled. Canes were surface-sterilized in 10 % sodium hypochlorite for 10 min. After air drying, five canes were inoculated with each Diaporthe isolate. Canes were superficially wounded in between two nodes forming a slit using a sterile blade. Inoculations were conducted by placing a 1-wk-old, 6 mm diam agar plug from each fungal culture on a wound. Wounds were then wrapped with Parafilm® (American National Can, Chicago, IL, USA). Ten shoots were inoculated as described above with 6-mm-diam non-colonised MEA plugs as negative controls. Inoculated canes were immediately placed in 6 L transparent plastic containers with a tight-fitting lid containing wet paper towels with 400 mL distilled water to maintain a humid environment. Five canes per plastic container including controls were arranged in a completely randomized design. Inoculated canes were collected after 21 d of incubation at room temperature and inspected for lesion development. Each cane was cut longitudinally through the inoculation point to evaluate the type of symptom developed. In order to demonstrate pathogenicity, the inoculated fungi were re-isolated from canes showing lesions, and the identity of the re-isolated fungi was confirmed by sequencing the tef1 and tub2 loci as described above.
RESULTS
Sampling and isolation
Symptoms caused by Diaporthe spp. were frequently observed on Vitis spp., including Phomopsis cane and leaf spot, cane bleaching, and additionally vascular internal browning, sectorial necrosis, and other necrotic lesions on grapevine wood. Symptoms were observed on rootstock and scion grapevine plants. A total of 175 monosporic isolates resembling those of the genus Diaporthe were collected. The Diaporthe isolates were recovered from multiple locations of all the countries investigated (Table 1 , 2). Based on preliminary ITS sequencing, all 175 isolates were selected (Table 1) for phylogenetic analyses and further taxonomic study.
Phylogenetic analyses
The The remaining species were included in a combined phylogeny (TreeBASE: S21958) consisting of 117 sequences, including the outgroup sequences of Diaporthella corylina (CBS 121124). A total of 3 805 characters (ITS: 1-583, tef : 590 -1 232, tub2: 1 239 -2 574, cal: 2 581-3 305, his3: 3 312 -3 805) were included in the D. eres complex phylogenetic analyses, of which 423 characters were parsimony-informative, 543 were variable and parsimony-uninformative and 2 815 characters were constant. A maximum of 1 000 equally most parsimonious trees were saved (Tree length = 1 858, CI = 0.625, RI = 0.840 and RC = 0.525). Regarding the remainder of Diaporthe species, a total of 4 220 characters were included in the phylogenetic analyses (ITS: 1-640, tef: 647-1 360, tub2: 1 367-2 807, cal: 2 814 -3 625, his3: 3 632 -4 220), of which 1 524 characters were parsimony-informative, 909 were variable and parsimonyuninformative and 1 763 characters were constant. A maximum of 1 000 equally most parsimonious trees were saved (Tree length = 8 303, CI = 0.530, RI = 0.877 and RC = 0.465). Bootstrap support values from the parsimony analysis were plotted on the Bayesian phylogenies presented in Fig. 1 and 2 . For both of the Bayesian analyses, MrModeltest suggested that all partitions should be analysed with dirichlet state frequency distributions, except for the ITS partition in the D. eres species complex analysis, which was analysed with a fixed state frequency distribution. The following models were recommended by MrModeltest and used in the Bayesian analysis of the D. eres species complex: SYM+I+G for ITS, HKY+G for tef1, tub2 and his3 and GTR+G for cal. The ITS partition had 90 unique site patterns, the tef1 partition 164, the tub2 partition 256, the cal partition 182, the his3 partition 147, and the analysis ran for 43 040 000 generations, resulting in 86 082 trees of which 64 562 trees were used to calculate the posterior probabilities. Regarding the Bayesian analysis of the remaining Diaporthe species, the following models were used according to MrModel test: GTR+I+G for ITS, tef1 and cal, HKY+I+G for tub2 and GTR+I+G for cal. The ITS partition had 217 unique site patterns, the tef1 partition 501, the tub2 partition 560, the cal partition 510, the his3 partition 259, and the analysis ran for 1 930 000 generations, resulting in 3 862 trees of which 2 898 trees were used to calculate the posterior probabilities.
In the D. eres complex analysis (Fig. 1) 
Taxonomy
Morphological observations, supported by phylogenetic inference, were used to identify five known species (D. ambigua, D. ampelina, D. baccae, D. eres and D. rudis) , and to describe four new species (Table 3) . Culture characteristics were assessed, and the colour of upper and lower surfaces on different media determined as shown in Fig. 3 -6 . Based on the results of both the phylogenetic and morphological analyses, the four distinct novel species are described below.
Diaporthe bohemiae Guarnaccia, Eichmeier & Crous, sp. nov. -MycoBank MB823244; Fig. 3 Etymology. Named after the country where it was collected, Czech Republic (ancient Latin name, Bohemia).
Conidiomata pycnidial on PNA, globose or irregular, solitary, deeply embedded in PDA, erumpent, dark brown to black, 250 -400 μm diam, whitish translucent to yellow conidial drops exuded from the ostioles. Conidiophores hyaline, smooth, 1-septate, densely aggregated, cylindrical, straight, 5 -20 × 1.5 -4 μm. Conidiogenous cells phialidic, hyaline, terminal, cylindrical, 6 -8 × 1-2 μm, tapered towards the apex. Paraphyses intermingled among conidiophores, hyaline, smooth, 1-3-septate, up to 70 μm long, apex 1-2 μm diam. Alpha conidia produced on all the tested media, aseptate, fusiform, hyaline, multi-guttulate and acute at both ends, 7.5-8.5 × 1.5-3 μm, mean ± SD = 7.6 ± 0.6 × 2.3 ± 0.3 μm, L /W ratio = 3.3. Beta conidia and gamma conidia not observed.
Culture characteristics -Colonies covering the medium within 9 d at 21 °C, with surface mycelium flattened, dense and felty. Colony on MEA, PDA and OA at first white, becoming cream to yellowish, flat on PDA and OA, and dark brown on MEA, with dense and felted mycelium. Reverse pale brown with brownish dots with age, with visible solitary conidiomata at maturity on MEA and PDA. On OA visible solitary conidiomata within 10 d. Notes -Diaporthe bohemiae was collected from roots of Vitis spp. used as rootstock, in the Czech Republic. This species is phylogenetically close but clearly differentiated from D. carpini based on ITS, tef1, tub2, his3 and cal sequence similarity (98 % in ITS, 91 % in tef1, 96 % in tub2, 94 % in his3, and 94 % in cal) . Morphologically, D. bohemiae differs from D. carpini in its shorter alpha conidia (5.5 -8.5 vs 7-9 μm) (Gomes et al. 2013) and the shape of its alpha conidia having acute ends, not observed in D. carpini which has conidia with rounded ends (Wehmeyer 1933) . Guarnaccia, Woodhall & Crous, sp. nov. -MycoBank MB823245; Fig. 4 Etymology. From Latin celere 'fast', referring to the fast growth rate on different media.
Diaporthe celeris
Conidiomata pycnidial on PNA, globose or irregular, solitary, deeply embedded in OA, erumpent, dark brown to black, 350 -650 μm diam, yellowish translucent to brown conidial cirrus or drops exuded from the ostioles. Conidiophores hya- line, smooth, 1-septate, unbranched, ampulliform, cylindrical, straight, 5-18 × 1-3 μm. Conidiogenous cells phialidic, hyaline, terminal, cylindrical, 5 -8 × 1-2 μm, tapered towards the apex. Paraphyses not observed. Alpha conidia aseptate, fusiform, hyaline, mono-to biguttulate and acutely rounded at both ends, 5.5 -7.5 × 2 -3 μm, mean ± SD = 6.6 ± 0.5 × 2.5 ± 0.3 μm, L /W ratio = 2.6. Beta conidia hyaline, aseptate, eguttulate, filiform, curved, tapering towards both ends, 16 -22.5 × 1-2 μm, mean ± SD = 19.7 ± 2.1 × 1.4 ± 0.3 μm, L/W ratio = 14. Gamma conidia not observed.
Culture characteristics -Colonies covering the medium within 6 d at 21 °C, with surface mycelium flattened, dense and felty. Colony on MEA with white floccose mycelium. On PDA and OA at first white, becoming cream to brown and grey, respectively, flat on PDA and OA, and dark brown on MEA, with abundant production of conidiomata only on OA. Reverse pale brown on MEA and whitish to cream on PDA and OA. Notes -Diaporthe celeris was isolated from V. vinifera in the UK. Three strains representing this species cluster in a well-supported clade embedded in the D. eres species complex. This species is phylogenetically close but clearly differentiated from D. celastrina based on tef1, his3 and cal sequence similarity (96 % in tef1, 96 % in his3, and 98 % in cal) and from D. eres based on tef1 sequence similarity (97 %). Morphologically, D. celeris differs from D. celastrina in the production of beta conidia not observed in D. celastrina, and from D. eres in its fast growth rate in culture and shorter alpha conidia (Udayanga et al. 2014a ).
Diaporthe hispaniae Guarnaccia, Armengol & Crous, sp. nov. -MycoBank MB823246; Fig. 5 Etymology. Named after the country where it was collected, Spain (ancient Latin name, Hispania).
Conidiomata pycnidial in culture on PNA, globose or irregular, scattered or solitary, deeply embedded in MEA and PDA, erumpent, dark brown to black, 150-400 μm diam, cream translucent to orange conidial drops exuded from the ostioles. Conidiophores hyaline, some filiform, smooth, aseptate, densely aggregated, cylindrical, straight, 5 -30 × 1-4 μm. Conidiogenous cells phialidic, hyaline, terminal, cylindrical, 6 -10 × 1-2 μm, tapered towards the apex. Paraphyses not observed. Alpha conidia common, fusiform, hyaline, rarely curved, apex acutely rounded, base obtuse to subtruncate, multi-guttulate, aseptate, 9 -14.5 × 2 -4 μm, mean ± SD = 11.4 ± 1.3 × 2.7 ± 0.4 μm, L /W ratio = 4.2. Beta conidia less common, straight or curved, 18 -24 × 1-2 μm, mean ± SD = 22.7 ± 2.3 × 1.6 ± 0.3 μm, L/W ratio = 14.2. Gamma conidia not observed.
Culture characteristics -Colonies covering the medium within 12 d at 21 °C, with surface mycelium flattened, dense and felty. Colony on MEA and PDA at first white becoming pale brown to grey with abundant production of sporulating conidiomata. On OA cream to dark brown. Reverse pale brown to cream on MEA and PDA, dark brown on OA. Notes -Diaporthe hispaniae was isolated from V. vinifera samples collected in Spain. Two strains representing this species cluster separately in a well-supported clade, and appear most closely related to D. ampelina based on the tub2 sequence similarity (93 %). This species is phylogenetically close but clearly differentiated from D. hungariae (described below) by 53 unique fixed alleles in tub2. Morphologically, D. hispaniae differs from D. ampelina in its longer alpha conidia and larger beta conidia (Gomes et al. 2013 ). This species differs from D. hungariae in the production of beta conidia. Guarnaccia, Armengol & K.Z. Váczy, sp. nov. -MycoBank MB823247; Fig. 6 Etymology. Named after the country where the ex-type strain was collected, Hungary (ancient Latin name, Hungaria).
Diaporthe hungariae
Conidiomata pycnidial in culture on PNA, globose or irregular, solitary, aggregated or solitary, deeply embedded in MEA, PDA and OA, erumpent, dark brown to black, 150 -650 μm diam, white translucent to cream conidial cirrus or drops exuded from the ostioles. Conidiophores hyaline, acute, smooth, aseptate, densely aggregated, cylindrical, straight, 5 -25 × 1-3.5 μm. Conidiogenous cells phialidic, hyaline, terminal, cylindrical, 6-9 × 1-2 μm, tapered towards the apex. Paraphyses not observed. Alpha conidia commonly found, fusiform, hyaline, rarely curved, apex acutely rounded, base obtuse to subtruncate, mono-to multi-guttulate, aseptate, 9.5 -16 × 2 -3.5 μm, mean ± SD = 11.7 ± 1.4 × 2.6 ± 0.4 μm, L /W ratio = 4.5. Beta and gamma conidia not observed.
Culture characteristics -Colonies covering the medium within 15 d at 21 °C, with surface mycelium flattened, dense and felty. Colony on MEA and PDA at first white becoming pale brown to grey. On OA cream to dark brown showing sectorial areas with abundant production of sporulating conidiomata. Reverse pale brown to cream on MEA and PDA, dark brown on OA. Notes -Diaporthe hungariae was isolated from V. vinifera samples collected in Hungary and Spain. Two isolates from Hungary were used for the species description. Six strains representing this species cluster separately in a well-supported clade, and appear most closely related to D. ampelina based on tub2 sequence similarity (93 %). This species is phylogenetically close but clearly differentiated from D. hispaniae (described above) by 53 unique fixed alleles in tub2. Morphologically, D. hungariae differs from D. ampelina in its larger conidiomata, longer alpha conidia and the absence of beta conidia, normally observed in D. ampelina and also in D. hispaniae (Gomes et al. 2013 ).
Pathogenicity
After 21 d, all the Diaporthe isolates induced necrotic lesions on the inoculated grapevines shoots except for the isolates of D. bohemiae, and the fungi were successfully re-isolated (Fig.  7f, g ). Cankers and internal discolourations were observed in correspondence to inoculation points. No symptoms were observed on the control shoots. Preliminary differences in aggressiveness among the isolates and susceptibility of V. vinifera were observed: D. hispaniae and D. hungariae caused larger cankers and necrotic lesions than D. baccae and D. celeris, whilst D. bohemiae caused no symptoms.
DISCUSSION
We collected 175 Diaporthe strains from eight countries. Single gene and multilocus DNA sequence analyses were performed using five loci (ITS, tef1, tub2, his3, and cal) After sampling grapevine plants in several European countries and in Israel, molecular phylogenetic and morphological analyses were used to evaluate the diversity of Diaporthe species associated with this host. Several Diaporthe species are wellestablished in Europe in association with important diseases affecting agricultural crops such as peach, soybean, blueberry, citrus and avocado (Santos et al. 2011 , Lombard et al. 2014 , Guarnaccia et al. 2016 , Prencipe et al. 2017 , Guarnaccia & Crous 2017 .
Diaporthe spp. are also frequently associated with grapevine diseases worldwide (Mostert et al. 2001a , Van Niekerk et al. 2005 , such as Phomopsis cane and leaf spot, consisting of shoots breaking off, stunting, dieback and fruit rot. Moreover, cankers, swelling arms, and cane bleaching are serious diseases caused by Diaporthe spp. (Rawnsley et al. 2004 , Úrbez-Torres et al. 2013 . Diaporthe ampelina (= Phomopsis viticola) is known to affect all green parts of grapevines and is the main Diaporthe species causing Phomopsis cane and leaf spot. This species has been studied since 1958 (Pine 1958 , 1959 , Pscheidt & Pearson 1989 , and recently, its ability to also cause wood cankers was demonstrated (Úrbez-Torres et al. 2013) . Diaporthe kyushuensis and D. perjuncta are respectively known for causing swelling arm and dormant cane bleaching (Kajitani & Kanematsu 2000) . Diaporthe ambigua, D. eres and D. foeniculina occurred in Californian vineyards (Úrbez-Torres et al. 2013) . Diaporthe eres was also reported as causing diseases in Croatia and Italy (Kaliterna et al. 2012, Cinelli et al. 2016), whilst D. eres, D. hongkongensis, D. phaseolorum and sojae were reported as pathogens in China (Dissanayake et al. 2015) .
DNA sequence data are essential in resolving taxonomic questions, redefining species boundaries, and accurate naming of species as required for the effective communication about plant pathogens. Regarding Diaporthe, Santos et al. (2017) showed that species separation is better when five loci (ITS, tef1, tub2, his3 and cal ) are simultaneously used to build the resulting phylogenies. Recent phylogenetic analyses of the genus Diaporthe studied more than 170 species, and grouped some of those in species complexes, such as D. arecae, D. eres and D. sojae, which include important plant pathogenic species (Huang et al. 2013 , Udayanga et al. 2014a . Moreover, a polyphasic approach has substantially reshaped the taxonomy of Diaporthe species involved with grapevine diseases (Mostert et al. 2001a , Van Niekerk et al. 2005 , Dissanayake et al. 2015 .
Although several studies on the presence of Diaporthe in major grapevine production areas were conducted in the past, this was never the case in Europe, and thus a large-scale investigation of Diaporthe spp. associated with grapevine was needed. This study provides the first molecular characterisation of Diaporthe diversity related to Vitis spp. in Europe and Israel, combined with morphological characterisation.
A combined alignment of seven genes (act, Apn2, cal, tef1, his3, FG1093 and tub2) was incorporated in a recent revision of the D. eres complex, among which the tef1, Apn2 and his3 genes were considered as the most informative loci for defining species in this complex (Udayanga et al. 2014a ). The ITS region was excluded from their phylogenetic analysis and the authors stated that a poorly supported non-monophyletic grouping was observed when ITS sequences were included in the combined analysis. This problem was detected in our phylogenetic analysis of the D. eres complex and in other studies (Gomes et al. 2013 , Dissanayake et al. 2017 , Gao et al. 2017 where two separate clades of D. eres are observed (D. eres (A) and D. eres (B), Fig. 1 ). The D. eres (A) clade included the ex-epitype culture CBS 138594, several other known taxa in the D. eres complex and 98 strains collected from grapevines in the present (Fig. 1) , and a previous study (Cinelli et al. 2016) . Several highly-supported subclades clustered with D. eres (A). However, they were not clearly differentiated based on both single-locus and morphological similarity. Thus, they are not considered as new species. The D. eres (B) clade, previously known as the Diaporthe cf. nobilis/Phomopsis fukushii complex (Gomes et al. 2013) , grouped four reference strains of D. eres, according to the seven-gene analysis from Udayanga et al. (2014b) , and seven isolates from grapevines. Diaporthe eres was recovered from grapevines in all the countries investigated except Israel. A further three strains collected in the UK was revealed to represent a new species (D. celeris) in the D. eres complex, clearly differentiated from the closest species (D. celastrina and D. eres) based on multi-locus phylogenetic analyses and morphology.
Another two new species, D. hungariae (reported from Hungary and Spain) and D. hispaniae (from Spain), were closely related, but clearly separated based on morphological and molecular characteristics from D. ampelina, historically known as the most aggressive Diaporthe species of grapevine and found in all the countries sampled in this study. The final species described in this study as new is D. bohemiae, that was collected in the Czech Republic. Diaporthe rudis was isolated from samples collected in Czech Republic, France, Italy, Spain and UK, confirming its role as key pathogen of grapevine. Two isolates of D. ambigua were recovered in Spain, and for the first time after its description by Lombard et al. (2014) , D. baccae was found in Croatia, France and Spain. Diaporthe baccae was previously found in Croatia by Kaliterna et al. (2012) Preliminary pathogenicity tests of the species found associated with grapevine for the first time in the current study focused on green shoots (Phillips 1999 , Mostert et al. 2001a , Van Niekerk et al. 2005 . Inoculation of green shoots in growth chambers with D. celeris and D. baccae resulted in the development of lesions. The most severe symptoms were detected on stems inoculated with D. hispaniae and D. hungariae. Therefore, this study provides results about the ability from these species to cause disease of grapevines, together with the well-known key pathogen D. ampelina. The other inoculated species, D. bohemiae, was not able to induce lesions, appearing to be an endophyte in grapevines.
The present study is the first evaluation of Diaporthe species associated with grapevines in Europe and Israel, combining morphology and molecular data, providing useful information for evaluating pathogenicity of the various species. To our knowledge, this study represents also the first report of D. baccae associated with grapevines, and of D. ambigua on grapevines in Europe.
